abstract Body temperature responses and hair cortisol levels in dairy holstein cows fed high-and lowforage diet and under water deprivation during thermal-humidity exposure (the) were evaluated. two experiments (exps.) were conducted between July and september 2012 and 2013 for 64 d and 74 d, respectively. first, twenty dairy holstein cows (90±30 dim; 37.2±1.7 l milk/d, 620±75 kg Bw) were used. the practical forage:concentrate (f:c) ratios in the low forage (lf) and high forage (hf) group were 44:56 and 56:44, respectively, while they were designed to be 40:60 and 60:40. second, thirty dairy cows (53.5±30.4 dim; 41.7±1.5 l milk/d,650±53 kg Bw) were allotted into two groups of free access to water (faw) and 2 h water deprivation (2hwd) following feeding. the animals were subjected to having the hair cut (1 to 2 g) from their foreheads at the same time (12:00 h) twice at the beginning (prior to the beginning of heat stress) and the end of the experiment when the cows were under the. hair cortisol levels (initial hair cut as the baseline and re-grown hair) were measured using elisa method. Body temperature (Bt) was measured twice daily at 7 body points of cows including rectum, vagina, hip, udder, rumen-side (flank), ear, and forehead using non-contact forehead infrared thermometer (infrared gun having two modes: inner and skin) on the 7 d of the beginning and the last 7 d of the experiment at 1000 and 1400 h. statistical analyses were carried out using the mixed model of sas as repeated measurements. The intra-assay and inter-assay coefficients of variations for hair cortisol measurements were 3.15 and 10.05, respectively. hair cortisol (hc) levels were not different within the two groups in both exps. (p>0.05); however, hc level was lower (p<0.0001) prior to temperature-humidity exposure (the). results of exp. 1 showed that vagina inner temperature was higher (p=0.041) and rectal temperature tended to be higher (p=0.083) in the hf compared to the lf group. the inner ear temperature was lower and ear skin temperature was higher (p=0.032) in the hf compared to the lf group. forehead inner temperature was higher (p=0.048) in the lf group than in the hf group while forehead skin temperature was lower in the hf group (p=0.041). no differences were observed in the hip, udder and rumen-side (flank) temperature (both in body and skin) between the hf and lf group (p=0.012). in exp. 2, no temperature differences were observed at all of the body points, inner and skin, between the two groups (p>0.05). however, the skin temperature in the 2hwd groups tended to be higher than in the faw group (p=0.093). conclusions drawn
indicate the beneficial use of measuring BT at different body points of the cow in addition to RT under the.
Key words: thermal-humidity exposure, body temperature, dairy cows, forage level, hair cortisol, water deprivation Abbreviations: BT, body temperature; BW, body weight; CP, crude fiber; DM, dry matter; DIM, days in milk; EE, ether extract; Exp., experiment; FAW, free access to water; F:C, forage:concentrate; HC, hair cortisol; NDF, neutral detergent fiber; NFC, non-fiber carbohydrates; NFE, nitrogen free extract; OM, organic matter; RT, rectal temperature; THE, thermal-humidity exposure; THI, temperature-humidity index; TMR, total mixed ration; 2hWD, 2 hour water deprivation.
The measurement of body temperature (BT), particularly the rectal temperature (RT) as its representative, is a common method used in the evaluation of cow's wellbeing in dairy farms. However, in most cases, single assessment of RT may not be sufficient to evaluate BT (De et al., 2017; Ammer et al., 2016 a, b) . Thus, measurements of BT at different body points might be necessary to provide better insights for cow BT evaluations. In addition, the BT may vary due to different factors, one of which is thermal-humidity exposure (THE) that has been reported by several studies (De et al., 2017; Lee et al., 2016; Ammer et al., 2016 a) . Higher forage ratio may aggravate the BT increase due to producing a higher heat increment and higher rumen activity. In addition, the relationship between dry matter intake and water consumption particularly following feeding has been documented as of late (Ghassemi Nejad et al., 2016; Forbes, 1993; Beede and Collier, 1986; Conrad, 1985) . Thus, higher BT and stress conditions (its indicator as a chronic stress, hair cortisol) have been hypothesized with different forage ratio during extensive THE. Therefore, temperature responses in Holstein dairy cows fed with different forage:concentrate ratio under THE need to be investigated (Exp. 1).
The BT is a beneficial management tool to be used as it shows any possible internal diseases, which can result in fever, which in turn impairs animal welfare, and consequently the production of animals. Measuring BT at various body points, not only the rectal temperature (RT) in dairy cows may be used as a developmental tool to improve our understanding of the effects of THE. Heat stress is another factor that can influence BT (Ghassemi Nejad et al., 2014 c) , maintenance requirements, metabolic processes, feed efficiency, milk yield (Ghassemi Nejad et al., 2015) , reproductive efficiency, behavior and disease incidence (Tucker et al., 2007; Ghassemi Nejad et al., 2015 , 2017 . High yielding dairy cows are more susceptible to water scarcity than small ruminants (Ghassemi Nejad et al., 2017 c; Marai et al., 2007; Casamassima et al., 2008) . Cows may consume about 50% of their daily water intake within 1 h following milking (Beede, 1992; NRC, 2001) . Peak of water intake for cows occurs during the hours when feed intake is greatest (Beede, 1992) . In addition, water scarcity may intensify the effects of heat stress (Ghassemi Nejad et al., 2014 a, b, 2015 due to the fact that water regulation in the body is vital for dissipation of heat during THE. Additionally, in other studies in our laboratory we observed 3 h water deprivation following feeding may act as a source of stressor by increasing wool cortisol in ewes under heat stress conditions (Ghassemi Nejad et al., 2014 a, 2017 . Thus, the effects of water deprivation following feeding, particularly 2 h on BT at different sites of the body need some more insights (Exp. 2).
Moreover, hair cortisol measurements have recently been suggested to define stressor influence, THE, for prolonged period (Ghassemi Nejad et al., 2014 a, 2017 . Despite the common use of RTs, there is a lack of scientific evidence explaining the value or significance of measuring the RT as a diagnostic tool to identify infectious diseases (Benzaquen et al., 2007) and production performance (Rejeb et al., 2016) in dairy cattle in the postpartum period. Thus, the measurements of BTs, inner and skin, at different body points of cows can provide insights on how possibly forage ratios and water deprivation intensify stress in dairy cows under THE. Therefore, this study was carried out to address both hypotheses. The study was designed to investigate the body inner and skin temperature responses at 7 body points of cows and embedded hair cortisol level as a well-established, precise, and reliable indicator of chronic stress in dairy cows under THE.
material and methods experimental design and grouping
This study, including two experiments (Exp.), was conducted between July and September 2012 and 2013 for 64 d and 74 d, respectively. The Exps. were carried out at two sites, Naju and Daejeon, Republic of Korea. The experimental procedure and methods were approved by the animal welfare and ethics authority of Kangwon National University, Chuncheon, Korea.
In Exp. 1, twenty multiparous Holstein dairy cows (10 cows per group; 90±30 DIM; 37.2±1.7 l milk/d, 620±75 kg BW) were assigned to two different forage:concentrate ratios. The low forage (LF) group ratio was 44:56 and the high forage (HF) group ratio was 56:44. The animals were housed in a sheltered drylot facility with ad libitum access to water. Feed was provided as TMR (Table 1) . Feed requirements were calculated based on NRC requirements of dairy cattle (NRC, 2001) . Chemical compositions of feed, including DM, Ash, CP, and EE were analyzed using AOAC (1990) . Acid detergent fiber (ADF) and neutral detergent fiber were analyzed using the method of Van Soest et al. (1991) .
In Exp. 2, thirty high yielding third parity Holstein cows (53.5±30.4 DIM; 41.7±1.5 l milk/d, 650±53 kg BW), were assigned to two groups in 6 pens with 5 cows in each pen. The groups included free access to water (FAW) and 2 h water deprivation following feeding (2hWD). This was carried out according to a completely randomized design for 74 days. The cows were housed in a roofed shelter equipped with concrete pens confined with metal and bedded with dry manure for comfort (4.5 m 2 per cow). Metal automatic roofs covered the barn and were open when there was no rain. The cows were fed in mangers and each pen was equipped with separate water through. Data from four cows (two from each group) was subjected to withdrawal from the Exp. due to their serious illnesses. The feed was provided as a TMR (Table 2) . Feed requirements were calculated based on NRC requirements of dairy cattle (NRC, 2001) . The feed was offered three times daily at 0800, 1300, and 2000 h. Chemical compositions of feed, including DM, Ash, CP, and EE were analyzed using AOAC (1990) . Acid detergent fiber (ADF) and neutral detergent fiber were analyzed using the method of Van Soest et al. (1991) . Water was available free of choice to the FAW group; however, it was provided following feeding time at 1000, 1500 and 2200 h for the 2hWD group. Prior to and following the water deprivation time, cows were given free access to water. hair cortisol sampling and assay All of the animals were subjected to having the hair cut from their foreheads at the same time (1200 h) at the beginning and the end (after 2 months) of the experiment from June to September when the cows were under THE. The re-grown hair was subjected to hair cortisol (HC) assay as fully described by Ghassemi Nejad et al. (2014 a, 2017 a, b) and the assay kit was used according to the manufacturer's guidance (Salimetrics, high sensitivity salivary cortisol, enzyme immunoassay kit, State College, PA, USA). Commercial concentrate made by feed company; mixed hay included: blue grass, alfalfa, timothy and oat; citrus pulp, calculated compositions: DM=13.5, CP=9.6, Ash=5.8, EE=1.6, NDF=27.6, ADF=25.8.
Body temperature measurements
Body temperature (BT) was measured at 7 body points of cows including rectum, vagina, hip, udder, rumen-side (flank), ear, and forehead using non-contact forehead infrared thermometer called infrared gun (having two modes; inner and skin; CEM, Rev. 090709, Shenzhen Everest Machinery Industry co. Ltd., China) on the 7 d of the beginning and the last 7 d of each Exp. twice daily at sampling days at 1000 and 1400 h. The infrared gun was designed to have specifications include the inner temperature of 32.0 to 42.5°C (89.6 to 108.5°F), and the skin temperature range of 0 to 60°C (32 to 140°F), measuring distance of 5-15 cm (2-5.9 inch) and high resolution. In both Exps. the same person was responsible for all the data collection to assure consistency when shooting the gun in order to decrease the chance for any possible human errors.
temperature-humidity index
The highest daytime temperatures reached around 35°C and 38°C followed by the relative humidity of 86% and 91% whereas the lowest temperature and humidity were 18°C and 22°C followed by the relative humidity of 63% and 65% for Exps. 1 and 2, respectively ( Figure 1 and Figure 2 ). Temperature and relative humidity were monitored at hourly intervals throughout the trial by using a temperature-humidity data logger device (CEM-DT-172, No. 11048007, Shenzhen, China) . Average temperature-humidity index (THI) in the farm was equal to or over 76 and 80 for Exps. 1 and 2 throughout the study. This was calculated using the equation of Ravagnolo et al. (2000) which defines thermal-humidity conditions. The formula used for the THI calculation is as follows:
Where t is the air temperature (°C) and RH is the relative humidity (%). The THI values obtained indicated the following: <71°F (21.6°C) = absence of heat stress; 72°F (22.2°C) to <79°F (26.1°C) = mild heat stress: 80°F (26.6°C) to <89°F (31.6°C) = moderate heat stress and 90°F (32.2°C) and above = severe heat stress (Armstrong, 1994) . statistical analysis Data were analyzed using repeated measures analysis and MIXED procedure of SAS (2001, version 9.0; SAS institute Inc. Cary NC, USA) and the means were compared for significance by Tukey's test at P<0.05. The statistical differences were considered significant at P<0.05 and differences among means with 0.05<P<0.10 were accepted as representing tendencies to differences. The statistical model used for analyses was:
Y ijkl = the observation for the trait, µ = overall mean, α i = the effect of group, d ij = random effect of animal, W k = initial body weight, T l = the effect of time, (αT) il = interaction of group×time, e ijkl = the residual effect.
Variance and covariance assumption structures including auto regressive (1) (AR(1)), unstructured (UN), and compound symmetry (CS) were tested, then AR(1) as the best covariance structure selected when appropriate. The interaction of group×time was not significant.
results
No differences in hair cortisol (HC) level (P>0.05) under thermal-humidity exposure (THE), were found in both Exps. (Table 3 ). However, prior to THE, HC level was higher (P<0.05) in the low forage (LF) group than in the high forage (HF) group.
The differences between HC levels prior to and post THE (Table 3) were highly significant (P<0.0001) where the HC levels in both Exps. showed higher values under THE than prior to its beginning.
At the beginning of Exp. 2, prior to the application of the groups, no significant differences (P>0.05) were observed on inner and skin temperature at the 7 body points of cows.
At the end of the experiment, vagina inner temperature was higher (P=0.041) in the HF group compared with the LF group (Figure 3) . Rectal temperature (RT) was not different (P>0.05) between the two groups ( Figure 3) .
The inner ears temperature was lower (P=0.041) and the ear skin temperature was higher (P=0.032) in the HF group when compared to the LF group (Figure 3) . The forehead inner temperature was higher (P=0.048) in the LF group, while the forehead skin temperature was lower (P=0.041) in the HF group (Figure 3) . No differences (P=0.121) were observed in the hip, udder and rumen-side (flank) temperature (both in inner and skin) between the HF and LF group (Figure 3) . In Exp. 2, no differences were observed at all of the body points temperature, inner and skin, between the two groups (P>0.05). However, skin temperature in the 2hWD groups tended to be higher (P=0.093) than in the FAW group (Figure 4) . 
discussion
No differences in hair cortisol (HC) level under thermal-humidity exposure (THE) in both Exps. are in contrast with our expectation. This indicates that different forage levels up to 10% and water deprivation following feeding up to 2 h were not strongly influential to provoke the severity of heat stress in groups during THE. On the other hand, higher HC level in the LF group prior to THE may demonstrate that while a 10% different forage level could not affect the stress level, herein HC, it may affect the HC level during comfort zone (thermo-neutral zone) in dairy cows. A higher forage level during THE is supposed to increase BT (Forbes, 1993; Beede and Collier, 1986; Conrad, 1985) which was observed in this Exp.; however, the small excess in BT did not result in higher stress levels. This could be illustrated in higher HC level during prolonged THE. The low difference in F:C ratio in the present experiment may explain non-significances of BT in different parts of animal's body. The experiment, however, was designed to have 20% difference in forage ratio between LF and HF group. Practically dealing with farmers, based on on-farm procedure, we could not achieve our goal to make F:C ratio up to 60:40 and 40:60 for HF and LF group, respectively.
The results of the present study (Table 3 ) illustrated that THE highly increases the cortisol levels as an indicator of prolonged heat stress conditions in dairy cows, regardless of the groups (P<0.0001). The role of high ambient temperature and high relative humidity on elevating hair cortisol level of dairy cows is promising (Ghassemi Nejad et al., 2017 a; De et al., 2017; Lee et al., 2016; Ammer et al., 2016 a) . The 2hWD 2hWD FAW fact that prior to the beginning of the Exps. cows were not under THE, may explain lower levels of HC in both groups prior to the THE.
The HC levels in Exp. 2 showed approximately double values when compared to the HC levels in Exp. 1. The reason could be attributed to the fact that higher milk yield of cows in Exp. 2 compared with Exp. 1 resulted in higher vulnerability of cows to stress, and thus, higher HC levels. Also, the THI showed higher values in Exp. 2 compared with Exp. 1. This may cause higher HC levels in cows in Exp. 2.
RT is a sensitive indicator of thermal balance and may be used to assess the negative effects of hot and humid environments on growth, lactation, and reproductive rates of dairy cows (West, 1999; Rejeb et al., 2016) . However, it has been shown that an increase of 1°C or less in RT is enough to reduce intake and production in dairy cows (Johnson et al., 1963; Rejeb et al., 2016) . Elevated RT was not always observed in endotoxic cows (Andersen, 2003) , thus providing a possible explanation as to why cows failed to exhibit an elevated temperature when measured twice daily under THE in this Exp. The method most commonly used to identify sick dairy cows in the postpartum period is measuring rectal temperature (Smith and Risco, 2005) . Moreover, measuring RT for 5 to 10 d after calving has received attention more recently because of ease of implementation and low cost (Kristula et al., 2001 ) and has been incorporated into standard operating protocols for the cow's management and disease recognition. A possible explanation for higher vagina inner temperature in HF group could be that higher forage ration may increase the core BT which is reflected on vagina inner temperature. Most professionals define fever when BT exceeds a predefined threshold. In this regard, usually a single instance of a temperature above the threshold value is considered as an indication of illness. Threshold values of 39.4°C and 39.7°C (Smith and Risco, 2005; Benzaquen et al., 2007; Wagner et al., 2007) distinguished between healthy cows and cows suffering from an infectious-related disease process. The reason behind lower inner ears temperature and the higher ears skin temperature between the HF group and LF group remains unknown at this time.
Ghassemi Nejad et al. (2014 a) reported higher wool cortisol in ewes exposed to water deprivation for 3 hours following feeding. Despite water deprivation, it was reported (Ghassemi Nejad et al., 2017 b) that water addition to TMR up to 50% and 60% of DM could not affect wool cortisol in ewes under heat stress conditions. Higher skin temperature in the 2hWD group than the FAW group demonstrates that heat dissipation was higher from the surface of the body in 2hWD group as a result of intensifying THE stress by water deprivation. Increased RT signifies lack of thermal balance and increased water intake to replace increased evaporative losses (Mohammed and Johnson, 1984; Rejeb et al., 2016) . Water is arguably the most important nutrient for dairy cows and should be available in adequate amounts, especially during heat stress (Ghassemi Nejad et al., 2014 a, b, 2017 . Furthermore, it has been reported that body temperature is usually maintained by the thermoregulatory system within 1°C of its normal temperature under ambient conditions that do not impose severe heat stress (Berman et al., 1985) . Restriction of water availability may have negative influences on a cow's well-being and performance (West, 2003) . In addition, water deprivation for any reason can act as a stressor. This may intensify the severity of stress, particularly during heat stress (Ghassemi Nejad et al., 2014 a, b, 2017 . In this study, however, we concluded that 2 h water deprivation following feeding is not influential enough to intensify THE stress indicator herein body temperature. This study suggests the beneficial uses of measuring BT at different body points in addition to RT to identify if cows are really stressed under THE. Finally, it should be noted that a lower temperature in some of the locations in Exp. 1 compared with Exp. 2 could be due to two reasons. The first being higher THI in Exp. 1 (around 76) compared with Exp. 2 (around 80). This could influence some locations of the body that are more exposed to environmental temperatures directly. Another reason can be attributed to the nature of the treatments in Exp. 1 and Exp. 2 which suggests that water deprivation could act as a stronger cause of an increase in body temperature. However, the influences of the aforementioned factors, particularly in some specific locations in the body of lactating cows need further research.
conclusions From the results of these two consecutive studies, we suggest the benefit of the BT measurements at different body points in addition to RT as indicators of THE stress. According to our data and in order to have a better understanding of BT, we suggest the measurement of temperature not only from rectum but vagina, forehead, and ears of the cattle. Further research with higher difference in F:C ratios and water deprivation time is needed to investigate the embedded hair cortisol as an indicator of chronic stress conditions, herein THE stress and BT responses in cattle under heat stress conditions. We conclude that higher forage ratio of approximately 10% (F:C = 56:44) and water deprivation following feeding for 2 hours are not influential enough to increase hair cortisol as the long-term indicator of stress conditions in dairy cows; however, heat stress conditions act as a strong stressor by increasing hair cortisol levels in both groups compared with thermo-neutral zone conditions. 
